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OF PERFOR.iTED DOUBLE S P L I T  FLBPS OW A 

RICYAXGULLR l!?J:i.GA 23012 AIRFOIL 

By Paul E .  P u r s e r  and  Thofiiy2s R, Turner  

A t  t h e  r e q u e s t  of t h o  3iireau o f  A e r o n a u t i c s ,  Navy 
D e p a r t m e n t ,  t e s t s  h:ave been made i n  t h e  LIlAL '7- by 1.0-foot 
t u n n s l  bo d e t e r i n i n e  f l a ?  l o a d s  ~ ~ n d  n.dd-it4onnJ aerodynamic  
c h m a c t  e r i s t  i c s  o f  p e r f  o r s t  e 4  d o u b l e  s p l f t  f l a p s  on z rec-  
t a n g u l a r  IVKCA 23012 z i r f o i l .  Fla;? l o a d s  were measurea  at  
t w o  spanwise  s e c t i o r i s  on f u l l- s p a n  flai3s. The e f f e c t s  o f  
d i f f e r e n t i a l  f l a p  d e f l a c t i o n ,  f l a p  s p a n ,  p e r f o r a t i o n  shape,  
l o c a t i o n  and amount o f  ? c r f o r a t i o n ,  and p r e s e n c e  of a 
f u s e l a g e  on t h e  f l3 ,p  l o a d s  a t  one spanTwise s e c t i o n  were  
a l s o  d e t e r m i n e d ,  The data ,  a r e  p resen ted -  i n  s t a n d a r d  coef-  
f i c i e n t  C o r m  an& i n c l u d e  l i f t ,  d r a g ,  a,;id- p i t c h i n g  moment 
f o r  t h e  a i r f o i l -  a,nS~ f o r  t h e  corriiolete mod-el and  t h e  normal  
L O T C ~ ,  h i n g e  raoment, and c e n t e r  o f  p r e s s u r e  f o r  t h e  f l a p s ,  c 

I n  g e n e r a l ,  t h e  d r a g  c o e f f i c i e n t  and  t h e  f l a p  l o a d s  
d e c r e a s e d  a,$ t h e  amount o f  p e r f o r a t i o n  was  i n c r e a s e d  and 
as one r o w  of p e r f o r a t i o n s  was move6 f r o u  t h e  f l a p  l e a d i n g  
edge t o  t h e  f l a p  t r a i l i n g  e d g e ,  The v a r i a t i o n  o f  d r a g  
c o e f f i c i e n t  and f l a p  l o a d s  w i t h  l i f t  c o e f f i c i e n t  a l s o  de- 
c r e a s e d  as thp, amount of p e r f o r a t i o n  w a s  i n c r e a s e d .  The 
shape o f  t h e  p e r f o r a t i o n s  had l i t t l e  e f f e c t  on t h e  f l a p  
l o a d s .  

The p r e s e n c e  o f  an  e l l i p t i c a l  f u s e l a g e  r e d u c e d  t h e  
f l a p  loads and t h e  d r a g  c o e f f i c i e n t  a v a i l a b l e  w i t h  GO- 
percen t- span  p e r f  ora-led d o u b l e  s p l i t  f l a p s  * With t h e  
d o u b l e  s p l i t  f l a p s  r e t r a c t e d  o r  w i t h  o n l y  t h e  lower f l a p  
d e f l e c t e d .  ( a s  f o r  l a n d i n g ) ,  t h e  p r e s e n c e  o f  c i r c u l a r  per-  
f o r a t i o n s  t h a t  removed 33,l p e r c e n t  o f  t h e  ori , . ; inal a r e a  
i n  t b e  u p p e r  and lower  flaps reduced. t h e  s l o p e  o f  t h e  l i f t  
G U ~ V ~  by abou t  5 p e r c e n t  and t h e  maximum l i f t  c o e f f i c i e n t  
by a b o u t  10 p e r c e n t .  
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I n  c o n n s c t i o n  wi th  t h e  dovelopment  of dive-  and 
f i g h t e r- b r a k e  d e v i c e s  t h e  Bureau  of A e r o n a u t i c s  r e q u e s t e d  
d a t a  c o n c e r n i n g  t h e  l o a d s  t o  be e x p e c t e d  on p e r f o r a t e d  
s p l i t  f l a p s  and c o n c e r n i n g  t h o  e f f e c t s  on t h e s e  l o a d s  o f  
p e r f o r a t i o n  s h a p e ,  amol l i l t  and  l o c a t i o n ,  I n  a c c o r d a n c e  
w i t h  t h e  r e q u e s t  o f  t h e  Bureu3r o f  A e r o n a u t i c s ,  l o a d  t e s t s  
of  p e r z o r a t e d  f l a p s  were i n c l u d e d  2n the, I?ACA i n v e s t i g a-  
t i o n  o f  8 ive-  and  f i g h t e r- b r a k e  d e v i c e s .  The r e s u l t s  o f  
t h e  load t e s t s  and  some a d d i t i o n a l  ae rodynamic  c h a r a c t e y -  
i s t i c s  of p e r f o r a t e d  d o u b l e  s p l i t  f l a p s  on cz r e c t a n g u l a r  
U A C h  23012 a i r f o i l  a r e  g i v e n  in t h e  p r e s e n t  r e p o r t .  

1 .  LIPPARATT~S ABD METBOGS 

biodels 

The a i r f o i l  rnoclel u n o &  ( f i g .  1) was o f  l a m i n a t e d  
inahogany b u i l t  t o  t L e  3 A C A  23612 T r o f i l e .  The model w a s  
r e c t a n q l s t r  i n  p l a n  fozqm an& hzd an a s p e c t  r a t i o  of 6 . 0  
( l O - i n *  chord and GO-in. s p a n ) .  The p e r f o r a t e d  s p l ' i t  
flaps were itiacle o f  I / l 6 - i n c b  shee*t  G t e e l  and had c h o r d s  

f o p a t i o n s  i n  t h e  flaps were s y m n e t r i c a l l y  spaced  c i r c u l a r ,  
t r i a n g u J a , r ,  s v u a ~ e ,  o r  r e c t a n g u l a r  h o l e s  ( s e e  f l a p  d e t a i l s ,  
figs. 1 and 21 and removed. 3 3 . 1  p e r c e n t  o f  t h e  o r i g i n a l  
f l a p  a r e a ,  In o r d e r  t o  f a c i l i t a t e  p a r t i a l - s p a s - f l z p  t e s t s  
each  f l a p  was made i n  10 equal- s e g m e n t s ,  each  segment hav- 
i n g  a span  o f  20 p e r c e n t  of t k e  a i r f o i l  s e m i s p a n ,  The 
segments  on each  s e u i s p a n  were  numbered f r o m  1 t o  5 pro-  
g r e s s i v e l y  f r o m  t h e  p l a n e  o f  symmetry o u t b o a r d  t o  t h e  
a i r f o i l  t i p .  F l a p  d e f l e c t i o n s  were mea.su.red w i t h  r e s p e c t  
t o  t h e  a i r f o i l ,  s u r f a c e  at  t h e  f l a p  h i n g e  p o i n t  and t h e  
gap between t h e  a i r f o i l  and t h e  f I a p  was s e a l e d  wi th  
mode l ing  c l a y  e x c e p t  a t  t h e  f l a p  segments  t h a t  were mounted 
on t h e  s t r a i u - g a g e  u n i t s .  F o r  all t e s t s ,  t h o  t r a i l i n g -  
edge p o r t i o n  o f  t h e  a i r f o i l  v a s  removed over  t h e  p a r t  o f  
t h e  s p a n  c o v e r e 5  3;. t h e  f l a p s .  

c 

OS 2 i n c h e s  ( 2 0  p e r c e n t  o f  t h e  a , i r P o i l  c h o r d ) .  The per-  6: 

TIie e l l i p t i c a l  f u s e l a g e  u s e d  i n  t h e  t e s t s  ( f i g s .  3 
and  4)  w a s  t h a t  u s e d  i n  p r e v i o u s  w i n g- f u s e l a g e  i n t e r f e r -  
ence  i n v e s t i g a t i o n s  ( r e f  e r  e n c e  1) and was of  l a m i n n t  ed 
mahogany b u i l t  t o  t h e  d i m e n s i o n s  gitren i n  t a b l e  I ,  The 
h o r i z o n t a l  t a i l  was t a p e r e d  a p p r o x i n a t c l y  3:l i n  p l a n  form, 
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h a d  a s t r a i g h t  t r a i l l n g  e d g e ,  and wi?s  or" l a m i n a t e d  mahog- 
any b u i l t  L o  t h e  RAGA 0009 p r o f i l e ,  When changes i n  
h o r i z o n t a l .  t a i l  s e t t i n g  were made, t h e  t a i l  was p i v o t e d  
a b o u t  t h e  50 -~e rcen t - roo t - cho rd  s t a t i o n .  

T e s t  I n s t a l l - a t i o a  

The t e s t s  were  rnade i n  t ? ? e  c l o s e d- t h r o a t  LMAL 7- by 
I O- f o o t  t u n n e l  d e s c r i b e &  i n  r e f e r e n c e s  2 and 3 ,  The f l a p  
l oaas  were measured  by two-component e l e c t r i c a l .  s t r a i n -  
g z g e  u n i t s  ana read . i a r s  ... were  t a k e n  f r o m  a c o n t r o l  p a n e l  
l o c a t e d .  o u t n i d e  t h s  t u n a e l .  3 c c a u s c  o f  t h e  small s i z e  or" 
t h e  r r o d e l ,  Loads c o u l d  "De mes: : -~red en only one u p p e r  o r  
one  l o w e r  f l a p  segmont a$ any one s p a n v i s e  l o c a t i o n .  The 
sCrain-!;age a n i t  -For  t h e  upper  f l ay  was l o c a t e d  i n  t h e  
r i g h t  semispan o f  t h e  rilodal and t h a t  f o r  t h e  l o w e r  flap 
W R S  ii1 t h e  l e f t  s e m i s p a n ,  W i T h  t h e  s t r a i n- g a g e  u n i t s  i n  
p l a c e ,  t h e  f l a p s  c o u l d  n o t  b e  s e t  at d e f l e c t i o n s  smaller  
t i o n  abou t  1z0,  A view o f  t lzc s t r a i n - g a g e  unit; i n s t a l l e d  
i n  t h e  model is shovn i n  f i , T u r e  5 .  During t h e  t e s t s  t h e  
u n i t s  were p r o t e c t e d  f Y O i 2  t h e  a i r  st.renm b~ t h i n  m e t a l  
cover ,  y l a t  8s. . 

Test  C o n d i t i o n s  

16 
i t Y  

All t h e  t e s t s  were made L:t a 8-ynamic p r e s s u r e  of 

o f  about  G O  m i l e s  2 e r  h o ~ r  wild t o  rz t e s t  .Reynolds 
number o f  a b o u t  6 0 9 , 0 0 0  b a s e d  cn  t h e  chorc?. o f  t h e  m o d e l  
(LO i n . ) .  D e  e f f e c t i v e  Beynolcls number o f  t h e  t e s t s  was 
a b o u t  9'74,000 b a s e d  on a, Lurbu.lence f a c t o r  o f  1 . 6  f o r  t h e  

37 ? O U L d S  p e r  s~!uare f o o t  which c o r r e s p o n d s  t o  a ve loc -  

LMAilL 7- by LO-foot t u n n e l .  

RZSULTS A:$D P rscuss 1027 
C o e f f i c i e n t s  ?!nd C o r r e c t i o n s  

Tho c o e f f i c i e n t s  u s e d  i n  t h e  p r e s o n t a t l o n  o f  t h e  
r e s u l t s  are: 

CL l i f t  coefficient o f  a i r f o i l  o r  o f  comple te  m o d e l  ( L / ~ s ) .  

CD d r a g  c o e f f i c i e n t  o f  e * i ~ f o i l  o r  o f  c o m p l e t e  m o d e l  (D/qS) 



02lcj4 p i t  ching--moment cce f  f i c i e n t  atbout q u a r t  or- chord 
p o i n t  o f  a i r f o i l  c h o r d  o f  a i r f o i l  o r  o f  t h e  
c o m p l e t e  model ( M / q c S )  

Qi f f l a p  normal- force  c o e f f i c i e n t  (Xf/qS,-> 

Chf 

( c . P . ) ,  

f l a p  hinge-moment c o e f f i c i e n t  a b o u t  fLap l o a d i n g  
edge (i-rf/ 'gSfcf) 

f l a p  c e n t e r  o f  p r e s s u r e  i n  p e r c e n t a g e  of  f l a p  
c h o r d  f r o m  f l a p  l o a d i n g  edge  [-( Chf / C w f  1 x 1 0 0 3  

where 

I; l i f t  of a i r f o i l - f l z p  combina t ion  o r  o f  complete  model  

D d r a g  o f  a i r f o i l - f l a p  c o x b i n a t i o n  o r  o f  comple te  model 

iI p i t c h i n g  Ii:oinent of n i r f o i l - f l s p  combfna t ion  o r  o f  
comple te  moCel 

'fTf n o r m a l  f o r c e  011 one f l a g  segment 

XIf h i n g e  mornent o f  o n e  f l a p  segment 

g 

S a i r f o i l  a r e a  

2'; dynamic p r e s s u r e  o f  air stream ( kpv  ,, 

Sf a r e a  o f  one  f l a p  sei;rneiit 

c a i r f o i l  c h o r d  

cf  f l a p  c h o r d  

and  

a a n g l e  of a t t a c k  

6, f l a p  d e f l e c t i o n  f r o m  n e u t r a l  

it h o r i z o n t a l  t a l l  s e t t i n g  n i t h  r e s p e c t  t o  f u $ e l e g e  
c e n t e r  l i n e ;  p o s i t i v e  vhen t r a i l i n g  edge i s  down 
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c 
The s u b s c r i p t s  U and L r e f e r  t o  t h e  upper  and 

lower  f l a p s ,  r e s p e c t i v e l y .  

Because  t h e  s u p p o r t- s t r u t  i n t e r f e r e n c e  and t a r e s  
were  r e l a t i v e l y  smal l ,  t h e s e  c o r r e c t i o n s  were a p p l i e d  
o n l y  t o  t h e  p l a i n  a i r f o i l  d a t a .  The s t a n d a r d  jet- bound-  
a s y  c o r r e c t i o n s ,  which were a p p l i e d  t o  a l l  t h e  a i r f o i l  
and  completo-model d a t a ,  a r e :  

= 6  - S 
C CL (57.3) 

where A G i  i s  measured  i n  d e g r e c s ,  6 i s  t h e  jet-'bound- 
a r y  c o r r e c t i o n  f a c t o r ,  and C i s  t h e  j e t  c r o s s- s e c t i o n a l  
a r e a .  A v a l u e  o f  6 = 0.112 f o r  t h e  c l o s e d- t h r o a t  wind 
tunnel -  was u s e d  i n  c o r r e c t i n g  t h e  resv .? . t s .  30 a c c o u n t  
was t a k e n  o f  t h e  d j f f e r e n t  s p a n  l o a d  d i s t r i b u t i o n s  w i t h  
d i f f e r e n t  a i r f o i l - f l a p  c o m b i n a t i o n s  and- no c o r r e c t i o n s  o f  
any  kPnd. were a p p l i e d  t o  t h e  f l a g- l o a d  d-ata o r  t o  t h e  
l i t  ching-moment c o e f f i c i e n t s .  

A e s  o d yn am i c C h rzr a c *b e r  i s t i c s 

----.--- A i r f o i l . - -  The c h a r a c t e r i s t i c s  of t h e  a i r f o i l  w i t h  
v a r i o u s  spans  a i l d !  d e f l e c t i o n s  o f  p e r f o r a t e d  d o u b l e  s p l i t  
f l a p s  a r e  shown iil f i g u r e s  6 t o  14.  Zhe e f f e c t s  o f  f l a p  
s p a n  o n  t h e  a i r f o i l  drag c o e f f i c i e n t  a t  z e r o  l i f t  f o r  
v a r i o u s  f l a p  d e f l e c t i o n s  a r e  summarized i n  f i g u r e  15, 
which i s  a c r o s s  ; ) l o t  of t h e  d a t a  from f i g u r e s  6 ,  1 0 ,  and 
14, Qho a i r z " o i 1  c h a r a c t e r i s t i c s  a r e  d i s c u s s e d  i n  r e f e r -  
ence  4 and i t  i s  f e l t  "cat no f u r t h e r  d i s c u s s i o n  i s  neces-  
sary .  The p r i n c i p a l  d i f f e r e n c e s  between t h e  r e s u l t s  pre-  
s e n % e d  h e r e i n  and  t h o s e  of r e f e r e n c e  4 ?.re t h a t ,  i n  t h e  
p r e s e n t  t e s t s ,  a M o r e  c o m p l e t e  r a n g e  o f  f l a p  a e f l e c t i o n s  
was i n v o s t i g a t e d  a n d o  f o r  a l l  t h e  s u b j e c t  t e s t s ,  t h e  
t r a i l i n p e d g e  p o r t i o n  o f  t h e  a i r f o i l  was remove4 f r o i n  t h e  
pa r t  o f  t h e  s p a n  covered  by t h e  f l a p s ,  

T h e  e f f e c t s  on t h e  a i r f o i l  c h a r a c t e r i s t i c s  OS vary-  
i n g  t h e  nwnber and  l o c a t i o n  of t h e  p e r f o r a . t i o n s  i n  f u l l -  
s p a n  d o u b l e  s p l i t  f l a p s  with equaZ upper  and lower de- 
f l e c t i o n s  o f  30' and 90' a r e  shown i n  f i g u r e s  1 6  a n d  l?, 
r e s p e c t i v e l y .  P e r f o r a t i o n s  o f  33.1 p e r c e n t  r educed  t h e  
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i n c r e m e n t  i n  d r a g  c o e f f i c i e n t  a t  ze ro  l i f t  by about  15 
p e r c e n t  wi th  f l a p s  d e f l e c t e d  30' and by about  1 9  p e r c e n t  
w i t h  f l a p s  d e f l e c t e d  90".  With f l a p s  d e f l e c t e d  90°,  t h e  
s a n e  r a t i o  o f  r e d a c t i o n  of d r a g  c o e f f i c i e n t  at  z e r o  l i f t  
t o  r e d u c t i o n  of a r e a  h e l d  f a i r l y  w e l l  when t h e  p e r f o r a-  
t i o n s  were s y m m e t r i c a l l y  d i s t r i b u t e d  a l o n g  b o t h  t h e  f l a p  
l e a d i n g  and t r a i l i n g  edges b u t  did n o t  hold :  when o n l y  one 
r o w  o f  p e r f o r a t i o n s  w a s  used a l o n g  t h e  f l a p  Leading  edge ,  
midchord ,  o r  t r a i l - i n g  edge ,  With f l a p s  d e f l e c t e d  9 0 ° ,  
t h e  d r a g  c o e f f i c i e n t  a t  z e r o  l i f t  d e c r e a s e d  about  17 per-  
c e n t  as one r o w  o f  p e r f o r a t i o n s  was moved f r o m  t h e  f l a p  
l e a d i n g  edge t o  t l i e  f l a p  t r a i l i n g  edge ,  

.---. ( lomelete  --- -------- model.- The c h a r a c t e r i s t  i c s  of  t h e  comple te  
0 r n o t t e l  w i t h  s t a b i l i z e r  s e t t i n g s  o f  G o  and -4.4 a r c  shown 

i n  f i g u r e  18 f o r  s o l i d  and p e r f o r a t e d  60-percent-span 
d o u b l e ' s p l i t  f l a p s  w i t h  t h e  upper  f l a p  r e t r a c t e d  and w i t h  
t h e  lower  f l a p  d s f l e c t e c  O o ,  3 0 ° ,  and 6 0 ' .  F i g u r e  19  
shows t h e  c h a r a c t e r  i s t i c s  o f  t h e  same model  w i t h  e q u a l  
upper  and lower  d o f l o c t i o n s  of t h e  p e r f o r a t e d  f l a F s ,  With 
t h e  upper  f l a p  r e t r a c t e d ,  t h e  p e r f o r a t i o n s  i n  t h e  u p p e r  
and  lower f l a p s  r e d u c e d  t h e  s l o p e  o f  t h e  l i f t  c u r v e  a C L / b a  
by a b o u t  5 p e r c e n t  and. red-uccd t h e  maxiiizum l i f t  c o e f f i -  
c i e n t s  by a3out 1 0  p e r c e n t .  The e f f e c t s  o f  t h e  p e r f o r a-  
t i o n s  on t l ie  s l o p e  of t h e  pitching-moment c u r v e  . aC,/aOL 
and on t h e  t a i l  e f f e c t i v e n e s s  aCr,/alt were small. and  
i n c o n s i s t e n t  ( f i g ,  18). D e f l e c t i n g  p e r f o r a t e d  d o u b l e  
s p l i t  f l a p s  ( f i g ,  19> produced  marked changes  i n  b o t h  
aC,/bc,  a ~ d  b G , / b i t .  Bear  z e r o  l i f t  , a C m / b O L  changed 
from -0.12 t o  0.05 when t h e  f l a p s  were d e f l e c t e d  90°,  and 
c,he v a l u e  was p o s i t i v e  f o r  d e f l e c t i o n s  l a r g e r  t h a n  abou t  . 
Z O O .  The v a l u e  o f  b c , / b i t  changed from -0 .020 t o  -0.001 

when t h e  f l a p s  were  d e f l e c t e d  90' at  z e r o  L i f t . .  The v a l u e s  
of dynam5.c p r e s s u r e  a t  t h e  t a i l  computed f r o m  a C m / a i t  
a g r e e d  r e a s o n a b l y  w e l l  wi@li t h e  v a l u e s  n e a s u r e d  i n  t h e  
t e s t s  of r e f e r e n c e  4 .  Accord ing  t o  t h e  r e s u l t s  o f  r e f e r -  
e n c e  4 ,  t h e  t a i l  would have  t b  b a  r a i s e d  about  0 . 7 5 ~  i n  
ordey  t o  c l e a r  tlic; wake, 

3. 

Zhc r e s u l t s  of t e s t s  made o f  t h e  a i r f o i l  and t h e  60- 
percen t - span  f l a p s  wi%li a cut- out t h e  w i d t h  o f  t h e  e l l i p -  
t i c a l  fu.sela,ge a t  t h e  f l a 3  midspan a r e  shown i n  f i g u r e  20. 
F i g u r e  2 1  p r e s e n t s  c r o s s  p l c t s  of t h e  i n c r e m e n t s  o f  d r a g  
c o e f f i c i e n t  a t  z e r o  L i f t  due  t o  d e f l e c t i n g  t h e  f l a p s  f o r  
v a r i o u s  a r r a n g e m e n t s  o f  p e r f o r a t e d  clouble s p l i t  f l a p s .  
The r e s u l t s  ( f i g .  2 1 )  show t h a t  t h e  inc remen t  i n  d r a g  
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b 
c o e f f i c i e n t  due  t o  a e f l e c t i n g  p e r f o r a t e d  d o u b l e  s p l i t  
f l a p s  on a midwing ni.ono?lane n o t  o n l y  does  n o t  c a r r y  
a c r o s s  t l i e  f u s e l a g e  but  i s  a c t u a l l y  r e a u c e d  by t h e  wing- 
f u s e l a g e  i n t e r f e r e n c e  t o  a v a l u e  s l i g h t l y  l e s s  t h a n  t h a t  
o b t a i n e d  f r o m  a n  e q u a l  f l a p  a r e a  on t h e  p l a i n  a i r f o i l ,  
( S e e  a l s o  r e f e r e n c e s  1 and 5 . )  

$ l a p  Loads 

E f f e c t  o f  flax, -- -- span _- a n 4  --_ --- l o c a t i o n .-  F l a p  l o a d s  f o r  
e q u a l  upper-  and lower- f lap  d e f l e c t i o n s  a r e  p r e s e n t e d  i n  
f i g u r e s  6 ,  1 0 ,  and  14  f o r  t h e  f l a p  segrilent e x t e n d i n g  f r o m  
0.20  b / 2  t o  0.40 $12 on f u l l- s p a n ,  60--porcent-span, and 
40- percent- span f l a p s  and f o r  t h e  t i p  segment of f u l l -  
s s a n  flaps, F i g u r e  2 2  i s  a summary o f  t h e  da t a  of f i g-  
u r e s  6;  1 0 ,  and 1 4  i n  t h e  f o r m  o f  f l a p  normal-f 3 r ce  and 
hinge-moment c o e f f i c i e n t s  p l o t t e d  a g a i n s t  f l a p  d e f l e c t i o n  
a t  l i f t  c o e f f i c i e n t s  o f  0 and 0 . 9 ,  A t  c o n s t a n t  f l a p  de- 
f l e o t i o n  t h e  uppe r- f l ap  l o a d s  showed l e s s  v a r i a t i o n  w i t h  
l i f t  c o e f f i u i e n t  when t h e  segment under  c o n s i d a r a t i o n  was 
a t  t h e  f l a p  tip t h a n  when t h e  segment was no t  a t  t h e  f l a p  
t i p .  For  t h e  lower-f la ;?  l o a d s ,  t h e  t r e n d  p r e v i o u s l y  n o t e d  
was r e v e r s e d  f o r  t h e  f u l l - s p a n  f l a p s  and was s m a L L  and 
i n c o n s i s t e n t  f o r  % h e  p a r t i a l- s p a n  f l a p s .  A t  c o n s t a n t  l i f t  
c o e f f i c i e n t s  o f  0 and 0 . 9 $  t h e  l o a d s  on t h e  0 .20  b / 2  t o  
0.40 b / 2  uppe r- f lap  segment g e n e r a l l y  became s m a l l e r  as 
t h e  f l a p  span  was r educed  and t h e  comparab le  lower- flap  
l o a d s  g e n e r a l l y  became l a r g e r .  A t  z e r o  l i f t ,  t h e  upper-  
f l a p  l o a d s  were s m d l e r  f o r  t h e  t i p  segment b u t ,  a t  a ’ 
l i f t  c o e f f i c i e n t  o f  0.9,  t h e  uppe r- f l ap  l o a d s  were s m a l l e r  
when t h e  s e g n e n t  unde r  c o n s i d e r a t i o n  was n o t  at  t h e  t i p .  
F o r  t h e  lower f l a p ,  t h e  t ip- segment l o a a s  were l a r g e r  at  
l i f t  C o e f f i c i e n t s  OS bq th  0 and. 0 .9 .  

-----_ E f f e c t  o f  lower  f l aB  on u ~ e r - f l a ~ - l o a d s , - -  -I--- ------ The ef-  
f e c t s  on  t h e  u p p e r- f l a p  l o a d s  caus sd  by deflecting t h e  
lower  f l a p  a r e  shown i n  f i g u r e s  7 t o  9 f o r  f u l l- s p a n  f l a p s  
and i n  f i g u r e s  11 t o  13 f o r  GO-percent-span f l a p s .  F o r  
b o t h  f u l l- s p a n  and p a r t i a l- s p a n  f Z a p s ,  i n c r e a s i n g  t b o  
l o v e r - f l a p  Clefl’ect i o n  u s u a l l y  i n c r e a s e d  t h e  upper- f lap  
normal-force  a n d  hinge-moment c o e f f i c i e n t s  but t h e  numer- 
icaZ v a l u e s  were  i n c o n s i s t e n t  , D e f l e c t i n g  t h e  lower  f l a p  
had l i t t l e  e f f e c t  o n  t h e  v a r i a t i o n  of uppe r- f l ap  l o a d s  
w i t h  l i f t  c o e f f i c i e n t .  

E f f e c t  of  u m e y  flap-on lower - f lag  l oads .-  The ef- --.....---I-__ --._I.- --------cIl----c --I-- 

f e c t s  on t h e  l ower - f l ap  l o a d s  aaused- by d s f l e c t i n g  t h e  
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u p 2 e r  f l a p  may be  cletermined f r o m  compar i sons  o f  f i g u r e s  
'7 t o  9 f o r  fulP--F3prtn f l a p s  and  f i g u r e s  11 t o  13 f o r  60- 
percen t- span  f l a p s .  In  g e n e r a l ,  t h e  e f f e c t s  o f  t h e  upper  
f l a p  on t h e  l ower- f l ap  loads follow t h e  same t r e n d  g r e v i -  
o u s l y  n o t e d  f o r  t h e  e f f e c t s  o f  t h e  lower  f l a p  on t h e  upper- 
f l a p  l o a d s ;  t h a t  i s  @ i n c r e a s i n g  t h e  uppe r- f l ap  d e f l e c t i o n s  
i n c r e a s e d  t h e  l o a d s  on t h e  lower  f l a p .  

I- E f f e c t  ------_I----- of  va:-ITinE L--- number_-tnCi l o c s t  i o n  of  p e r f o r a -  
Lions.-- The e f f e c t s  o r i  t h e  f l a p  l o a d s  o f  v a r y i n g  t h e  num- 
b e r  an& l o c a t  i o n  o f  t h o  p e r f  o r  at  i o n s  i n  f u l l- s p a n  d o u b l e  
s p l i t  f l a p s  a r e  shown i n  f i g u r e s  16  and- 1'7 f o r  e q u a l  
upper-  and lower-f 'Lap d e f l e c t  i o n s  o f  30' and 90°,  r e s p e c-  
t i v e l y ,  The e f f e c t s  on t h e  f l a p  l o a d s  o f  v a r y i n g  t h e  nuni- 
b e r  and  t h e  l o c a t i o n  o f  t h e  p e r f o r a t i o n s  were r a t h e r  in- 
c o r s i s t e n t  bu t  showed t h e  s m e  t r e n d s  n o t e 6  p r e v i o u s l y  i n  
t h e  d i s c u s s i o n  o f  d r a g ;  t h a t  i s ,  t h e  flap l o a d s  g e n e r a l l y  
became a n a l l e r  as t h e  amount o f  p e r f o r a t i o n  was i n c r e a s e d  
arid a s  t h e  l o c a t i o n  o f  one r o w  of p e r f o r a t i o n s  was changed 
from t h e  f l a p  l e a c l i n g  edge t o  t h e  flap t r a i l i n g  ed-ge. 
D e c r e a s i n g  t h e  amount of pe3:f'oration g e n e r a l l y  i n c r e a s e d  
"he v n r i a t i o r ,  o f  flap l o a d s  w i t h  l i f t  c o e f f i c i e n t .  

E f f e c t  o f  p e r f o r a t i o n  s h a p e  on upper - f l an  l o a d s , -  The 
--L ---I---I- ..--....--c-------I--- -.%z.. -L ---- -- 

l o a d s  on t h e  uppe r- f l ap  segiaent, e x t e n d i n g  f r o m  0 . 2 0  b / 2  
t o  0.40 b / 2  f o r  z o o  and 90' d e f l e c t i o n s  o f  f u l l- s p a n  
dlouble s p l i t  f l a p s  w i t h  c i r c u l a r ,  t r i a n g u l a r ,  s q u a r e ,  and 
Dectangula , r  p e r f o r a t i o n s  a r e  shown i n  f i g u r e  2 3 ,  A t  f1a.p 
c?ef l e c t  i o n s  of 3 0 ° ,  t h e  f l a p  w i t h  c i r  c u l a r  p e r f  o r a t  i o n s  
had  t h e  l a r g e s t  l o a d s ,  Changing t h e  p e r f o r a t i o n s  t o  
s q u a r e s  r e d u c e d  t h e  f l a p  loads and moved- t h e  f l a p  c e n t e r  
o f  p r e s s u r e  n e a r e r  t h e  t r a i l i n g  edge;  t r i a n g u l a r  and rec-  . 
t a n g u l a r  p e r f o r a t i o n s  also r e d u c e d  t h e  f l a p  l a a d s  b u t  
moved t h e  f l a p  c e n t e r  o f  p r e s s u r e  n e a r e r  t h e  l e a d i n g  edge ,  
The c i r c u l a r  p e r f s r a t i o n s  g a v e  t h e  s m a l l e s t  v a r i a t i o n  of 
f l a p  l o a d s  w i t h  l i f t  c o e f f i c i e n t ,  With t h e  f l a p s  d e f l e c % e d  
g o " ,  t h e r e  wa,s no c o n s i s t e n t  v a r i . 2 t i o n  o f  fLap l o a d s  w i t h  
p e r f o r a t i o n  s h a p e .  

Effec&-. o f  f u s e , l s g e  ,oii.-ggg.gr-flaP .Loads_.- The e f f e c t s  
o f  t h e  p r e s e n c e  o f  t h e  f u s e l a g e  o n  t h e  uppe r- f l ap  l o a d s  
f o r  e q u a l  upper-  and lower- f lap  d e f l e c t i o n s  a r e  shown i n  
f i g u r e  24.  The p r i n c i p a l  e f f e c t s  o f  t h e  f u s e l a g e  were  t o  
r e a u c e  t h e  f l a p  normal- force  c o e f f i c i e n t s  and t o  move t h e  
f l z p  c e a t e r  o f  p r e s s u r e  n e a r e r  t h e  f l a y  t r a i l i n g  edge w i t h  
t??e r e s i l l %  t h a t  l i t t l e  e f f e c t  was a p p a r e n t  on t h e  f l a p  
hinge-moment c o e P f i , c i e n t s .  I n  g e n e r a l ,  t h e  p r e s e n c e  of t h e  "* 
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f u s e l a g e  s l i g h t l y  r e d u c e d  t h e  v a r i a t i o n  o f  $Zap normal- 
f o r c e  c o e f f i c i e n t  w i t h  a n g l e  of a t t a c k .  

A p p l i c a t i o n  of Data 

The a p p l i c a t i o n  of data on p e r f o r a t e d  s p l i t  f l a p s  t o  
t h e  d e s i g n  Qf  d i v e  b r a k e s  and. f i g h t e r  b r a k e s  h a s  been d i s -  
c u s s e d  i n  r e f e r e n c e s  4 ,  6 ,  and  7. AS a n  a i d  t o  such a p p l i -  
c a t i o n s ,  a p a r t  o f  t h e  ae rodynamic  d a t a  p r e s e n t e d  i n  t h i s  
r e p o r t  has  been summarized i n  f i g u r e s  25  a n d  26.  F i g u r e  
2 5  p r e s e n t s  c o n t o u r s  o f  a n g l e  of a t t a c k ,  d r a g  c o e f f i c i e n t ,  
and pi tching-moment  c o e f f i c i e n t  a t  z e r o  l i f t  f o r  f u l l - s p a n  
and 6 0 - p e r c e n t - s ~ a n  p e r f o r a t e d  d o u b l e  s p l i t  f l a p s .  Con- 
t o u r s  o f  l i f t ,  d r a g ,  and  pitckiing-mo,aerit c o e f f i c i e n t s  a t  
z e r o  a z g l e  o f  a t t a c k  a r e  g i v e n  in f i g u r e  26.  The c o n t o u r s  
a t  z e r Q  l i f t  c a n  be u s e d  i n  d ive-braKe d e s i g n ,  t h e  coil- 
t o u r s  a t  z e r o  a n g l e  o f  a t t a c k  can  be  sed i n  f i g h t e r -  
brake d e s i g n ,  and t h e  c r o s s ’ - a l o t s  i n  f i g u r e s  15 and 21 
shou ld  be u s e f u l  a s  g u i d e s  f o r  i n t e rno : a t i on  i n  a p p l y i n g  
t h e  d a t a  o f  f i g u r e s  2 5  and 2 6  t o  t h e  d e s i g n  of f l a . p s  o t h e r  
t h a n  f u l l - s p a n  o r  60-perce i i t - span  f l a p s ,  

c 0E-C LU s I OB s 
i 

The r e s u l t s  o f  t h e  t e s t s  of d o u b l e  s x , l i t  f l a p s  on a 
10- bg 60- i n c h  r e c t a n g u l a r  2 T X A  ,23012 a i r f o i l  i n d i c a t e  
t h a t  t h e  e f f e c t s  o f  p e r f o r a t i o n s  on t b e  f l a p  c h a r a c t e r -  
i s t i c s  may be surnriAaril;ed a s  f o l l o w s :  I n  g e n e r a l ,  t h e  
d r a g  c o e f f i c i e n t  and  t h e  f l a p  l o a d - s  d e c r e a s e d  a s  t h e  
amount of p e r f o r a t i o n  was i n c r e a s e d  apd a s  one row of p e r-  
f o r a t i o n s  was moved f r o m  t h e  f l a p  l e a d i n g  edge t o  t h e  f l a p  
t r a i l i n g  edge .  The v a r i a t i o n  o f  d r a g  c o e f f i c i e n t  and f l a p  
l o a d s  w i t h  l i f t .  C o e f f i c i e n t  a l s o  d e c r e a s e d  a s  t h e  amount 
of  p e r f o r a t i o n  wae i n c r e a s e d .  The shape  of t h e  g e r f o r a -  
t i o n s  had l i t t l e  e f f e c t  o n  t h e  f l a p  l o a d s . .  

The p r e s e n c e  of a n  e l l i p t i c a l  f u s e l a g e  r educed  t h e  
l o a d s  on and t h e  d r a g  c o e f f j c i e a t  a v a i l a b l e  w i t h  60- percen t-  
span p e r f o r a t e d  d o u b l e  s p l i t  f l a p s .  With t h e  doub le  s p l i t  
f l a p s  r e t r a c t e d  o r  with o i l l y  t h e  lower  f l a p  d e f l e c t e d  ( a s  
f o r  l a n d i n g )  t h e  p r e s e n c e  of c i r c u l a r  p e r f o r a t i o n s  t h a t  
removed 3 3 . 1  p e r c e n t  of t h e  o r i g i n a l  a r e a  i n  t h e  uppe r  and  
lover f l a p s  r educed  t h e  s l Q p e  o f  the l i f t  c u r v e  by abou t  



5 p e r c e n t  arzd r e d u c e d  t h e  maximum l i f t  c o e f f i c i e n t  by 
a b o u t  10 p e r c e n t .  

Langley Memorial A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  Advisory  Committee f o r  A e r o n a u t i c s ,  

Langley F i e l d ,  V a .  
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TABLE I 

DIKENSIONS OF ELLIPPIISAL FUSELAGZ 

Sta t  ion 
(in.) 

----+-- 
I 

0 
i 312 
.812 

1.312 
2.312 
4,312 

. 6.312 
12,312 
16.312 
20,312 
24,312 

32,312 

36,312 
38,312 
39,312 
40.312 

28,312 

343 312 

0 
2.044 
3.286 
4.158 
5.408 
7.010 
8,564 
9.020 
9,100 
9.010 

7,910 
6,658 
5,740 
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Fywe 2.- Details of the Q20c by 020 $ perf fordted 
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remove 33.1 percent of or iy ind flap urea. 
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F1gut-e 3-- The lO-by6O-incb rectangular NACA 23012 
oirfod with 02Oc by c! 606 perforated double split 
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(.a) Three-quarter front view. 

(b) Three-quarter rear view. 

Figure 4.- The 10-by 60-inch rectan’gular NACA 23012 airfoi l  with 0 . 2 0 ~  by 0.6Ob perforated.. 

tall mounted in the LMAL 7-by 10-foot tunnel. 
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Circular pehdjons remove 33lpercent of orjqinal flup 
area flap /oak on seymentZ. dj,,,/5." 

1 airfoi/ with a2Oc by Q60b perforuted double split flaps. 

f 



N A C A  



N ACA 

O (  

20 

40 

60 
0 

L1 
k 

1 

v 

72 

73 

-.e 

-,5 
/.2 

1.0 

.8 

J '  

Fig. I I C  

% @e@ 
' /5 

60 
' 90 



J N A L A  

Airfoil lift coefficient, CL 
La MiriW. 

figure 12 .-Chumcferisl"ics of fhe rectinpbr NACA 23012 
ak6jI with Q2Oc by 060b per forded double spJit flups. 
CircuIizr perfomtiom remove 3 3 1  percent of  originul 
flap q r ~ d h p  /a& on seqmenf2. J 63,,,3Q0 



12b 



% 
$. 

I 

-4 

\ 

Fi 

-4 2 0 2 ..Q .6 .8 LO L 2  114: 
Airfoil lift coe ffrc ien t, C' m*z (c) Lower flap. 

figure /Z.-Concluded 

q. 12c 



P 

20 

- -e 
0 .z # .6 .8 10 1.2 

e- 
A l/&" 

l3a 

0 

0 



c 

t 0 
0 

I- 

-;9 rz 0 .z 4 .6 .8 10 A2 

f 



\ 

c 

b 
s 

I 

-t 

N A C A  



B 

a 



NACA 

w 

.5 

Fig, 14b 



rl 

s 

m 

NACA 

0 

20 

60 

0 

rz 0 .2 .6 lo / 2  



N A C A  Fl'cj,i5 



1 

c 



NACA 

, 
v 



s 

Fig. f 6~ 



4 NACA 

20 

d 



0 
a 



14 

12 

10 

.8 

.6 

.4 

.2 

:3 

-..e 

75 

-.6 

:7 

, 



N A C A  Fig, 1 6 ~  

0 .z + .6 .8 10 12 14 l6 
Complete- model lift coefficient$, 

fa) i/,a: 



br 



N A C A  F iq. 19a 



bJACA Fig. i9b 



NACA 0 Fig. 20 

IcIclh-I1 

6; 



NACA 



d 

LJ 

N A C A  

-5 

.4 

-3 

,2 

./ 

0 

0 

:I 

72 

13 

-.4 

75 



FiACA 

.5 

+ 
.3 

0 

:2 





Y 

4, 

9 

Fig, 2 3 b 

.5 



b 

t 

N 

A 15 / 5  
30 30 

0 60 60 
90 90 



N A G A  

90 

80 

U 

B 

30 

Fig. 25a 



N A C A  Fig. 25b 

. 
e§ 

90 

80 

Q 

Q 30 

20 

e 
8 

J 



N A C A  

e 

I 

6 

80 

Fig, 26 a 



NACA 

D 

c 

n 

90 

60 

F;q, 26 b 

20 

10 

0 
0 IO 20 30 40 50 60 70 60 90 

Lower- flap deflection, + L , deq 
(b) bf) 0. Sob. 

figure ZG-Conchdeci 


